A 43-year-old Chinese man with a silicosis history was admitted to our hospital due to bilateral lower extremity edema for 1 year, exacerbating with hematuria for 2 months. He started working as a coal miner 30 years ago, and was diagnosed as silicosis 3 months ago. Lab tests revealed hematuria 3þ, proteinuria 3þ, and a serum creatinine value 2.47 mg/dl on routine check. He was diagnosed with focal proliferative IgA nephropathy (IgAN) and acute tubulo-interstitial nephritis by renal biopsy. He was treated with corticosteroids and got a remission 4 months later. Immunohistochemical staining showed the deposition of macrophage receptor with collagenous structure (MARCO), nod-like receptor pyrin domain-containing-3 (NLRP3), Caspase-1, apoptosisassociated speck (ASC), interleukin (IL)-1b, and IL-18 in both glomerular and tubulo-interstitial areas. We proposed that the silicon exposure could be related to his kidney disease in the patient and NLRP3 mediated inflammation might be involved in its pathogenesis which needs further explorations.
Introduction
Silicosis is the most common one in pneumoconiosis, which was defined as a fibrotic lung disease caused by inhalation of free crystalline silicon dioxide or silica. Occupational exposure to repairable crystalline silica dust particles occurred in many industries, like sandblasters, miners, quarry workers, etc. [1] It was reported that silica exposure was associated with several disorders, including autoimmune diseases [2, 3] , renal diseases [4, 5] , etc.
Although the alveolar macrophages are believed to initiate the inflammatory responses of silicosis, its true mechanism remained to be elucidated. It was proposed that mechanical stimulation, chemical poisoning, oxygen radical, and immune reaction might be involved in the pathophysiological development of the disease [6, 7] .
More interestingly, recent studies suggested that nod-like receptor pyrin domain-containing-3 (NLRP3, also called cryopyrin or NALP3) inflammasome (a cytoplasmic multi-protein which was consisted of a sensor NLRP3, an apoptosis-associated speck (ASC) adaptor, and an effector caspase-1 and regulated the mutation and secretion of pro-inflammatory cytokines like interleukin (IL)-1b and IL-18 played a vital role in the inflammatory response and subsequent development of pulmonary fibrosis in silicosis [8] [9] [10] [11] [12] . NLRP3 inflammasome was also related to several crystalassociated renal diseases, like gout, oxalate nephropathy, etc. [11, 13] .
Herein, we described a patient with renal biopsied proven injury who had a history of silicosis, and the NLRP3 pathway related to the association of silicosis and the kidney disease was further explored.
One year ago, he developed pitting edema of lower limbs and also found bubbles in urine at the same time. He visited the local hospital and the diagnosis of lower limbs varicose vein was made. Ten months later, his edema aggravated consciously and he presented with the whole course gross hematuria. The routine urinalysis showed proteinuria (3þ) and hematuria (3þ). Urinary protein excretion amount was 3.7 g/24h. The serum creatinine value was in the normal range and increased to 2.47 mg/dL one month later.
The past history revealed that he was a coal miner for 30 years and diagnosed as silicosis 3 months ago. He presented with hypertension for 4 years and it could be controlled at the range of 120-130/80-90 mmHg by regular medications. He did not abuse alcohol, cigarettes, or other drugs.
After admission, physical examination revealed that his temperature was 36.5 C, respiratory rate was 20 breaths/min, pulse rate was 76 beats/min and blood pressure was 130/80 mmHg. There was no jaundice, rash and bleeding by skin examination and the superficial lymph nodes was not touched. Pitting edema of lower limbs was found bilaterally. Table 1 summarized all the laboratory indices after his admission.
High-resolution computed tomography (HRCT) showed that there were multiple small nodular lesions on both lung fields and multiple calcifications were on the left upper lobe.
Ultrasound showed that the left and right kidneys were both in normal size. No stenosis or thrombus of renal artery and vein were found by Doppler ultrasound.
The patients presented with nephritic syndrome and acute kidney injury (AKI), which could not be excluded with silicosis associated renal disease. Thus, renal biopsy was crucial for the diagnosis and it was performed after his admission.
Diagnosis
His renal biopsy specimen was examined by light microscopy, immunofluorescence, and electron microscopy. By light microscopy, 23 glomeruli were included in the specimen. One glomerulus was ischemic sclerosed and the remaining glomeruli manifested as mild mesangial cell and matrix proliferation with segmental endocapillary hypercellularity. Fuchsinophilic deposits were observed in mesangium. There were one cellular crescent and four fibro-cellular crescents. Tubular epithelial cells showed cytoplasmic vacuolization and focal loss of brush border with focal tubular atrophy. There was moderately interstitial infiltration of lymphocytes, mononuclear cells and a few eosinophils with focal interstitial fibrosis. Arterioles were thickened with hyalinosis. Immunofluorescence revealed lump and granular staining of IgA (3þ) and C3 (3þ) in mesangium and others including IgG, IgM, C1q, and fibrin were all negative ( Figure 1 (a-f)).
By electron microscopy, mild mesangial expansion with electron dense deposits in mesangial and paramesangial matrix were observed. No remarkable changes were seen in glomerular basement membrane and the foot processes of podocytes were effaced diffusely ( Figure 2(a,b) ).
The final pathological diagnosis was focal proliferative IgA nephropathy (Oxford classification: M1E1S0T1) and acute tubulo-interstitial nephritis.
Based on the renal pathological findings and his occupation, we proposed that the kidney disease might be associated with the silica exposure. Then, the kidney sections of the patients were further scanned using polarization microscopy for the quantity of silica or silicon dioxide crystal deposition. However, we did not find silica or silicon dioxide crystal deposition neither in glomerulus nor tubulo-interstitial areas (Figure 2(c) ).
As the NLRP3-mediated inflammation might be involved in the oxalate nephropathy and silicosis, the MARCO, NLRP3, Caspase-1, ASC, IL-1b, and IL-18 were further stained by immunohistochemistry which were all positive in both glomerular and tubulo-interstitial areas in our patient and they were all virtually negative in the normal control (normal part of one nephrectomized kidney due to renal carcinoma) ( Figure 3(a-x) ). Furthermore, we selected one primary IgA nephropathy patient (Oxford classification: M1E1S0T1) as the disease control and we found that the expressions of MARCO, ASC, Caspase-1, and IL-1b were similar with our patient. However, the staining of NLRP3 was significantly higher in tubulo-interstitial areas than that in glomerular areas in the disease control, and the staining of IL-18 was specifically expressed in the distal convoluted tubules and some part of glomerular areas in our patient and it was dispersive around glomerular and tubulo-interstitial areas in the primary IgA nephropathy patient (Figure 4 (a-x)).
Follow-up
As the patient was diagnosed as IgA nephropathy combined with acute tubulo-interstitial nephritis, the prednisone (30 mg/d) was then initiated with tapering regularly in combination with ACEI treatment. The patient got a significant improvement both for renal function and proteinuria after 2 months, which kept stable still now. He also changed his job to remove the occupational factor. His laboratory data at follow-up were showed in Table 2 .
Discussion
Occupational exposure to silica or silicon dioxide dust has been examined as a possible risk factor with respect to several diseases, like tuberculosis, lung cancer [14] , systemic vasculitis [15] , rheumatoid arthritis [16] , systemic sclerosis [17] , systemic lupus erythematosus [18] , renal involvement [19] , etc.
Early in 1951, Saita G et al. [20] firstly reported that the renal functions were decreased in some silicosis patients. Subsequently, several epidemiological evidences suggested that the silica exposure was associated with an increased risk of end-stage renal disease (ESRD), chronic kidney disease (CKD), or specifically glomerulonephritis [21] [22] [23] [24] . Our patient had a history of silicosis and was diagnosed with focal proliferative IgA nephropathy and acute tubulo-interstitial nephritis by renal biopsy. We proposed that his renal disease might be associated with the silicosis history.
Silica nephropathy referred to the floorboard of kidney diseases after exposure to silica or silicon dioxide, including tubulo-interstitial disease, immune-mediated disease, chronic kidney disease, and end-stage renal disease [25] [26] [27] [28] [29] . In literatures, the renal histopathology of silica nephropathy was varied, including focal glomerulonephritis, necrotizing glomerulonephritis, crescentic glomerulonephritis, etc. (Details in Table 3 ).
The mechanisms underlying silica nephropathy have not yet been fully elucidated. Most evidences were consistent with the interplay of at least the following two ways: the direct toxic effect of the deposited crystalline material in the renal parenchyma or an autoimmune process involving interaction of silica particles with the immune system, mainly by activation of macrophages through which the kidneys were affected [22, 29, 47] . More importantly, scavenger receptor, especially the macrophage receptor with collagenous structure (MARCO) expressed in alveolar macrophages [48] [49] [50] [51] [52] and the associated NLRP3 inflammasome were thought to be the key regulators for binding and uptake of crystalline silica particle, recognition and clearance of silica and the subsequent development of pulmonary fibrosis in recent studies [3, 8, 9, 11] . NLRP3 inflammasome could be activated after uptake of silica by scavenger receptors, lysosomal rupture and release of cathepsin B [53] . Then, it could cleave several proinflammatory cytokines leading to the secretion of IL-1, IL-18, etc.
Positive depositions of MARCO, NLRP3, Caspase-1, ASC, IL-1b, and IL-18 in the glomerular and tubulointerstitial areas of our patients further highlight their roles in the pathogenesis of silica nephropathy. Interestingly, the immunohistochemistry results from the disease control of one primary IgA nephropathy patient showed that the distributions of MARCO, Caspase-1, ASC, and IL-1b were not different between our patient and disease control and the expression of IL-18 was mainly expressed in the distal convoluted tubules and some parts of glomerular areas in our patient although it was dispersive around glomerular and tubulo-interstitial areas in the primary IgA nephropathy patient. More importantly, we found that the staining of NLRP3 was significantly higher in tubulointerstitial areas than that in glomerular areas in the disease control, which was consistent with the previous work by Chun J in primary IgA nephropathy [54] . They found that in primary IgA nephropathy, NLRP3 principally expressed in tubular areas with lesser glomerular localization. Firstly, they detected NLRP3 localization in normal human renal tissues and biopsies from primary IgA nephropathy patients by immunochemistry and immunofluorescence (IF). The results suggested that NLRP3 predominately localized on tubular epithelium with almost no expression in glomerular areas in normal human kidney by IF. Then, they concentrated on tubular expression of NLRP3 and discovered the high expression of NLRP3 (protein and mRNA) in human primary renal tubular cells (HPTC) through immunostaining and mRNA analyzing. Also, when HPTC lost their epithelial phenotype and obtained the characteristic of fibroblastic phenotype by persistent stimulation of TGF-b1 which led to chronic tubular epithelial cell and fibrosis, NLRP3 expression (protein and mRNA) was decreased obviously. Moreover, NLRP3 mRNA expression of renal biopsies was detected by real-time PCR in fifty-four primary IgA nephropathy patients. They found that NLRP3 mRNA expression levels in renal biopsies from IgA nephropathy patients were two to several hundred-folds higher than normal controls. IgA nephropathy patients with high levels of NLRP3 expression had less risk of the composite endpoint compared with low expression of NLRP3 patients. Furthermore, in progressive IgA nephropathy, NLRP3 expression of renal tissues was decreased during tubular atrophy/interstitial fibrosis (the best predictor of outcome in IgA nephropathy upon established on the Oxford classification) which was connected with a worse clinical outcome. Therefore, they pointed that NLRP3 was a predominant tubular protein in primary IgA nephropathy. A recent study by Mascarenhas S et al. [55] found that silica had nephrotoxicity on human-kidney proximal-tubular cells (the toxin's prime targets) in vitro, which exhibited by induction of prolonged tubular-cell apoptosis and inflammation, through NLRP3-mediated pathway. Thus, we proposed that the kidney disease of our patient might be a secondary IgA nephropathy Chronic sclerosing glomerulonephritis suggesting ANCAassociated crescentic glomerulonephritis [46] which could be associated with silicosis based on the different expressions of NLRP3 and its related cytokines/chemokines. This highlight the further explorations of NLRP3 inflammasome on the patho-mechanism of silica nephropathy.
Conclusion
Silicon exposure might be related to the kidney disease in our patient and the NLRP3 mediated inflammation might be involved in its pathogenesis which needs further explorations.
Disclosure statement
No potential conflict of interest was reported by the authors.
Funding
This work was supported by the grants of National Natural Science Foundation of China [No. 81670640 and No. 81870479]).
